INTRODUCTION
The reactions of oxygen atoms with unsaturated hydrocarbons have been investigated quite extensively in the past. Although the rate constants of many of these reactions have been accurately determined, reaction mechanisms are not very well understood due to the complication caused by secondary reactions of primary products and the problem associated with the identification of vibrationally excited radical products. Recently, many experiments carried out under single collision or near single collision conditions have avoided the complication of secondary reactions, but the mass spectrometric identification of primary products, even when photoionization with controlled photon energies was used, did not entirely, solve the problem of excessive fragmentation during the ionization process. For example, the detection of CH 3 (m/e = 15) in the photoionization of reaction products from oxygen atoms with ethylene molecules using hydrogen Lyman-a (10.2 eV) will not necessarily prove the formation of CH 3 , since the vinyloxy radical (C 2 H 3 0) will also give + CH 3 at this photon energy. In the ionization of radical molecules, it is not uncommon to yield fragment ions at low energies and not to yield parent ions at all due to the lack of stability.
In a recent crossed molecular beam study of reactions of oxygen atoms with benzene molecules 1 carried out in our laboratory, it has been clearly demonstrated that the problem associated with the fragmentation of products in the mass spectrometric identification can be overcome, if the experiments are carried out with sufficiently high resolution, and product angular and velocity distributions are measured for all the mass peaks In this article, the results of crossed molecular beams studies of reactions of O(3 P) with C 2 H 4 and C 2 H 3 Br which are relevant to the elucidation of the reaction mechanisms will be described.
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EXPERIMENTAL
The crossed beam apparatus used in these studies is a high resolution version of the apparatus which has been previously d~scribed.5 Briefly, two beams which are doubly differentially pumped are crossed at 90 0 in a scattering chamber which has a pressure of -1 x 10-7 torr. Angular and velocity distributions of the products are measured in the plane defined by the two colliding beams by a triply differentially pumped quadrupole mass spectrometer which rotates about the intersection point of the two beams.
The ionizer of the mass spectrometer is operated with an electron energy of 200 eV.
The seeded, supersonic atomic oxygen beams used in these studies were generated by a high pressure, radio frequency discharge beam source which has been described in detail elsewhere. 6 For higher collision energy, a 5% O 2 in helium gas mixture discharged at 200 torr and with 250W of rf power gives a peak velocity of 2. ... 
,Further verification that the
C~2Br;,ch!annel is present is seen in Fig. 4 in which the velocity spectra for mass, 95 and mass 120 at the same angle are compared. The CH 2 Br product is seen as a separate peak distinctly faster than the C 2 H 2 BrO.
The signal at mass 42 is shown in Fig. 3C and clearly results from a third primary reaction because its distribution extends broadly over the laboratory angular range. The peak at the center of mass results from fragmentation of the C 2 H 2 Br to give C 2 H 2 0+. In Fig. 5 the velocity spectra of mass 42 is compared with that of 95 to show that the C 2 H 2 0+ signal has a distinctly faster distribution. The primary reaction YieldingC 2 H 2 0+ signal could be either the Br atom elimination to give C 2 H 3 0 or the three center elimination of HBr to give C 2 H 2 0.By analogy with the ethylene reaction we expect that the -10-Br atom channel is dominant because the barrier to the HB~emission should be quite large. Proof of this hypothesis would come from measurement of the mass 43 signal but its intensity was below our detection capabilities.
Three distinct major reaction channels were observed in this study:
2(c)
The first and the second channels are simple bond cleavage yielding hydrogen atom and bromine atom respectively and the third channel is C-C bond rupture after bromine migration. No direct evidence for CH 3 elimination from the collision complex to give COBr was found although our sensitivity to mass 109 product is reduced by severe elastic scattering of 13C containing C 2 H 3 Br. The reaction products were the same at the two collision energies.
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• suggest that H atom migration should be insignificant on the triplet surface. Although the hydrogen migration would be rapid on the singlet electronic surface, intersystem c~ossing should be relatively slow in this small molecule. The experimental observation that C 2 H 3 0 is the major product indicates that intersystem crossing is probably not significant.
The other channel which has been suggested for the ° + C 2 H 4 reaction is the three center elimination of H2 to give C 2 H 2 0.
Although these products are very stable energetically, the three center process is known to have a large barrier in several reactions. for example about 85 kcal in CH 2 0. The absence of the molecular elimination channel in this reaction tells us that here again the barrier is too high to allow H2 formation to become competitive.
Previous to this work it was thought to be firmly established that the reaction mechanism for ° + C 2 H 4 led to negligible formation of .75
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